
VOLUMETRIC ALTERATIONS OF THE ORBITOFRONTAL CORTEX
IN AUTISM

Ragy R. Girgisa, Nancy J. Minshewb, Nadine M. Melhemb, Jeffrey J. Nutcheb, Matcheri S.
Keshavanc, and Antonio Y. Hardand,*
a Department of Psychiatry, College of Physicians and Surgeons, Columbia University, and New
York State Psychiatric Institute, New York, NY
b Department of Psychiatry, Western Psychiatric Institute and Clinic, University of Pittsburgh School
of Medicine, Pittsburgh, PA
c Department of Psychiatry and Behavioral Sciences, Wayne State School of Medicine, Detroit, MI
d Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine,
Stanford, CA

Abstract
Recent evidence has implicated the orbitofrontal cortex (OFC) in the pathophysiology of social
deficits in autism. An MRI-based morphometric study of the OFC was conducted involving 11
children with autism (age range 8.1–12.7 years) and 18 healthy, age-matched controls (age range
8.9–12.8 years). Decreased grey matter volume in the right lateral OFC in the patient group was
found, and correlations were observed between social deficits and white, but not grey, matter
structures of the OFC. These findings support the role of OFC in autism and warrant further
investigations of this structure using structural and functional methodologies.
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1. Introduction
Impairments in social interactions and behaviors are among the essential characteristic features
of individuals with autism. A recent hypothesis proposed that abnormalities of the
orbitofrontal-amygdala circuit may underlie several of the core features of this severe
developmental disorder (Bachevalier and Loveland, 2006). The orbitofrontal cortex (OFC),
and more specifically its right lateral subdivision, appears to play an important role in social
cognition (O’Doherty et al., 2001; Vollm et al., 2005), with some evidence suggesting its role
in the pathophysiology of autism (Bachevalier and Loveland, 2006; Dawson et al., 2002;
Salmond et al., 2003). A morphometric MRI investigation reported decreased volume of the
total (i.e., grey plus white matter) right lateral OFC in children and adolescents with autism,
which contrasted with increased size in adults (Hardan et al., in press). Moreover, a recent
fMRI study of healthy adults reported that processing theory of mind tasks, a function believed
to be impaired in individuals with autism, was associated with increased activation of the right
lateral OFC (Vollm et al., 2005). Finally, the potential relevance of the OFC in autism is
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highlighted by its role in the reward system (O’Doherty et al., 2001), with evidence suggesting
that impairment in assigning and flexibly modifying social reward values may be related to
some of the social deficits observed in pervasive developmental disorders (Dawson et al.,
2002).

In light of the mounting evidence implicating the OFC in social functioning, this study was
conducted in a sample comprised exclusively of children with autism to examine grey and
white matter volumes of this structure, and to investigate the relationship between OFC
structures and social deficits as measured by the Autism Diagnostic Interview-Revised (ADI-
R) and Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 1989; Lord et al.,
1994). We hypothesized that right lateral OFC grey matter would be decreased in children with
autism when compared with matched controls, and negative correlations would be observed
between OFC grey and white matter structures and social deficits.

2. Methods
2.1. Participants

Subjects were 11 boys with autism and 18 healthy male controls between eight and 12 years
of age. The autistic subjects represented all consecutive referrals to a research clinic who were
eligible to participate in the study. The diagnosis of autism was established through the
administration of the ADI-R and the ADOS, in addition to expert clinical evaluation. Subjects
meeting diagnostic criteria for autism but without delayed or abnormal language development
were considered to have Asperger’s Disorder and were not included in this study. Children
with secondary autism related to a specific etiology such as tuberous sclerosis or Fragile X
were excluded, as were potential subjects with evidence of genetic, metabolic, seizure, or
infectious disorders. All subjects had a full-scale IQ (FSIQ) > 70.

Controls were children recruited from the community through advertisements in areas
socioeconomically comparable to those of the families of origin of the autistic subjects.
Socioeconomic status for all subjects was assessed using the Hollingshead method
(Hollingshead, 1975). Control subjects were screened by face-to-face interviews,
questionnaires, telephone interviews, and observation during psychometric tests, and
individuals with a family history of any neuropsychiatric disorder, such as autism, learning
disability, affective disorders, and schizophrenia, were not included. Potential subjects with a
history of birth asphyxia, head injury, or a seizure disorder were also excluded.

All control subjects had a FSIQ > 70 and no learning disability as assessed by the Wide Range
Achievement Test-R. Subjects were not matched for IQ since available evidence does not
support the existence of IQ effects on brain size (Hazlett et al., 2005). Exclusions for control
subjects and individuals with autism were based on history and physical examination as well
as laboratory testing when indicated. The Wechsler Intelligence Scale for Children-III was
administered to measure cognitive functioning including FSIQ for all participants.
Methodology of the study was approved by the Institutional Review Board. Written informed
consent was obtained from parents and assent was obtained from all children.

2.2. MRI Scans
Scans were obtained on a GE 1.5 Tesla Signa scanner. A T1-weighted SPGR sequence was
first acquired with the following parameters: slice thickness=1.5mm, slice numbers=124; TE
5ms; TR 25ms; flip angle 40 degrees, NEX 1; FOV 24cm; matrix 256×192. Proton density and
T2-weighted images were then obtained using a single double-echo protocol with the following
parameters: slice thickness=5mm; TE 17ms for PD or 102ms for T2; TR 2500ms; NEX 1; FOV
24cm; matrix 256×192; total slices = 24. All images were obtained in the coronal plane. MRI
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data were identified by scan number to retain blindness and analyzed using Brain Research:
Analysis of Images, Networks and Systems software (BRAINS) while applying previously
published methodologies of total brain volume (TBV) measurements (Magnotta et al., 2002).
The image processing was performed on a SGI workstation (Silicon Graphics Inc., Mountain
View, CA) using the BRAINS2 (University of Iowa, Iowa City, IA, USA) software package.
The image data was normalized to standard Talairach stereotactic three-dimensional space
(Talairach and Tournoux, 1988) by identifying six brain-limiting points (anterior, posterior,
superior, inferior, left, and right); the anterior-posterior commissure line specified the x-axis,
a vertical line rising from the x-axis through the interhemispheric fissure specified the y-axis,
and a transverse orthogonal line with respect to x and y coordinates specified the z-axis.
Registration was performed by aligning the T2 and PD images with a resampled T1 image and
then resampling the T2 and PD images themselves (Magnotta et al., 2002). After normalization
to a standard three-dimensional space, the pixels representing grey matter, white matter, and
cerebrospinal fluid were identified using a segmentation algorithm applied to the T1, T2, and
PD image sequences as described elsewhere (White et al., 2003).

2.3. Tracing Guidelines
Detailed descriptions of the method utilized to measure the OFC and TBV have previously
been published (Hardan et al., in press; Lacerda et al., 2003; Magnotta et al., 2002). The OFC
was manually traced in the coronal plane (Fig 1). The posterior boundary was the tip of the
genu of the corpus callosum; the anterior boundary was the most anterior coronal slice where
brain tissue could be identified; the superior boundaries were the inferior border of the anterior
cingulate (in subgenual regions) and the midpoint of the intercommissural line (in front of the
genu of the corpus callosum); and the lateral and inferior boundaries were demarcated based
on the lateral and inferior surfaces, respectively, of the frontal lobes. In each slice, lines were
drawn connecting the superior boundary point to the intersections of the inferior and lateral
surfaces of the frontal lobes. These lines were the lateral borders of the tracings. The inferior
boundary was made by tracing along the inferior surface of the frontal lobe within the lateral
boundaries. The OFC was also subdivided into medial and lateral parts by drawing a line from
the superior boundaries to the olfactory sulcus. For reliability assessment, two raters (RRG and
JJN) independently traced the OFC and its subdivisions in each hemisphere in 10 randomly
selected scans and obtained an intraclass correlation coefficient (ICC) superior to 0.91. The
ICCs for grey and white matter structures were all greater than 0.95. Tracings used for analysis
were conducted by one rater (RRG) on only a subset of the available scans (11/14) in the autistic
group due to poor image quality and movement artifact of the remaining MRI scans.
Measurements of TBV were performed using the BRAINS2 masks as generated by a neural
network and corrected by manual tracing (ICC > 0.90). TBV was defined as the whole supra-
and infratentorial brain tissue superior to the foramen magnum while excluding cerebrospinal
fluid.

2.4. Data Analysis
Due to the small sample size, all of the analyses were conducted using non-parametric tests.
The Mann-Whitney U test was used to compare the autistic and control groups on demographic
measures and OFC tracings. Values were expressed as means, standard deviation (M ± SD)
and, when indicated, median. Regression analyses were conducted to account for possible
effects of confounding factors such as TBV. Additionally, despite the unclear effect of IQ on
brain size in individuals with autism, analyses were conducted to account for this potential
confounding variable (Hazlett et al., 2005). Spearman’s rho correlation coefficients were used
to examine the relationship between OFC structures and FSIQ as well as ADI-R and ADOS
scores from the social (ADI-R and ADOS), communication (ADI-R and ADOS), and
stereotyped-repetitive behaviors (ADI-R) domains. A two-tailed statistical significance level
was set at p < 0.05 for all analyses.
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3. Results
No differences were observed between the demographic characteristics of patients and
controls, except for FSIQ (table 1). Nine of the children with autism were being prescribed
psychotropic medications and most of them were either taking a psychostimulant or a selective
serotonin reuptake inhibitor, with only one subject receiving the atypical antipsychotic
risperidone. Smaller grey matter volumes were observed in children with autism in the right
lateral OFC (table 2). This finding remained unchanged after conducting a regression analysis
to account for TBV (Beta = 0.42; t = 2.30; p = 0.03). No differences between the two groups
were observed for white matter volumes. All total (i.e., grey plus white matter) OFC volumes
were non-significantly smaller in the autistic group when compared to controls. Finally, no
differences were observed between the two groups on any of the OFC measurements when
controlling for FSIQ.

The relationship between FSIQ and OFC was examined, and no correlations were observed
for any OFC structure except for right lateral white matter in the control group (r = −0.50; p =
0.03). Interestingly, the examination of the relationship between OFC structures and clinical
features of autism revealed the existence of negative correlations between several OFC white,
but not grey, matter volumes and social deficits as measured by the ADI-R and ADOS (table
3). No correlations were observed between grey matter and white matter volumes of the OFC
and the remaining domains of the ADI-R (Communication and Stereotyped-Repetitive
Behaviors) and ADOS (Communication).

4. Discussion
Findings from this study revealed the existence of decreased size of the right lateral OFC in
individuals with autism, which appears to be related to abnormalities in grey matter. This
finding of morphometric alterations of the OFC is consistent with several (McAlonan et al.,
2005; Salmond et al., 2003), but not all (Abell et al., 1999; Boddaert et al., 2004; Carper and
Courchesne, 2005; Kwon et al., 2004; Waiter et al., 2004), imaging studies. Differences in the
morphometric methodologies applied and sample sizes used could explain the inconsistencies
in these findings, such as the absence of bilateral alterations in the present study in contrast to
the observations of two recent voxel-based morphometry studies reporting structural
abnormalities in several brain regions including right and left OFC (McAlonan et al., 2005;
Salmond et al., 2003). Interestingly, results observed in the present investigation are also
concordant with our recent finding, in a completely different sample, of smaller right lateral
OFC in children and adolescents, but not in adults, with autism (Hardan et al., in press).
Together, these observations suggest the possible existence of age-related structural
abnormalities in this disorder and are thus consistent with several neuropathologic and
neuroimaging investigations which similarly suggest neurodevelopmental changes in
individuals with autism (Aylward et al., 2002; Courchesne et al., 2001; Hardan et al., 2001;
Kemper and Bauman, 1998). This mounting evidence of these micro- and macroscopic
developmental abnormalities highlights the importance of examining the clinical,
neuropsychological, structural, and functional alterations in autism in specific age groups as
well as in longitudinally-designed investigations.

In the present study, correlations were observed between several white matter regions of the
OFC and social deficits as measured by the ADI-R and ADOS. However, the significance of
these correlations is limited by the absence of actual abnormalities of the white matter volumes
themselves, which could be due to the small sample size used in this study or to limitations
inherent to the measurement methodology. Nevertheless, these relationships are consistent
with neuropsychological (Dawson et al., 2002) investigations that have implicated the OFC in
the pathophysiology of social deficits in individuals with autism. In addition, although only
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observed in white matter, these correlations are supported by a recent diffusion tensor imaging
study that found reduced fractional anisotropy in white matter structures adjacent to the
ventromedial prefrontal cortex in individuals with autism; alterations which could affect the
neural pathways involved in social cognition (Barnea-Goraly et al., 2004). Further, our
observation of alterations in only some subdivisions of the OFC is supported by fMRI studies
(O’Doherty et al., 2001) and is consistent with findings of regional and asymmetric volumetric
alterations of the OFC in several neuropsychiatric disorders with deficits in social cognition,
such as schizophrenia (Hoptman et al., 2005), major depressive disorder (Lacerda et al.,
2004), and obsessive-compulsive disorder (Kang et al., 2004), and could be related to the rich
and diverse cytoarchitecture (Carmichael and Price, 1994) and connectivity (Carmichael and
Price, 1995) of the OFC.

There are several limitations of the current investigation including the small sample size, the
reliance on arbitrary landmarks in obtaining OFC measurements, and the exclusion of girls and
mentally retarded individuals with autism which may possibly limit the generalizability of the
results. Additionally, adjustment of the p-value might be needed in light of the number of
comparisons conducted. However, while p-value adjustments reduce the chance of making
type I errors, they increase the chance of making type II errors, or require the increase of the
sample size (Rothman, 1990; Perneger, 1998; Feise, 2002). Therefore, replication studies with
larger samples are warranted to confirm these findings, and would complement our previous
study of the OFC in a larger sample reporting similar results (Hardan et al., in press).

5. Conclusion
Findings from this investigation support the existence of morphometric abnormalities of the
OFC, and in particular grey matter of the right lateral OFC, in children with autism. In addition,
preliminary data presented here suggest a role for the OFC in the pathophysiology of social
deficits in autism. However, in light of the above limitations, replication of these results is
critical before any final statements can be made. Finally, future studies should also examine
the age-related neurobiologic alterations of the OFC in a longitudinal design and their
relationships with deficits in social cognition to further elucidate the role of this structure in
the pathophysiology of autism.
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ADI-R Autism Diagnostic Interview-Revised

ADOS Autism Diagnostic Observation Schedule
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M ± SD Mean Plus or Minus Standard Deviation

MRI Magnetic Resonance Imaging

OFC Orbitofrontal Cortex

TBV Total Brain Volume
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Fig. 1.
A tracing of the orbitofrontal cortex in the coronal plane.
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